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1. Introduction 
In the first two communications [1,2] on the 
primary structure of chymosin (rennin EC 3.4.4.3) 
analyses of a series of low molecular weight ryptic and 
chymotryptic pepfides have been reported, among 
these the N-terminal sequence, the S-S bridges and 
the C-terminal sequence. It was shown that of the 
five arginine groups two were located near an S-S 
loop and two were found within the last 20 residues 
of the peptide chain [2]. 
If the peptide chain of chymosin is cleaved only 
after the arginyl residues the uneven distribution of 
these and the resulting difference in size of fragments 
should facilitate fractionation of the digest by get 
filtration. Such experiments have now been carried 
out, and this paper describes the primary structure up 
to the first arginine (no 57). This residue has previously 
[2] been found to be followed by a tetrapeptide which 
extends the sequence to arginine no 6 I. 
2. Materials and methods 
2.1. Enzymes 
Chymosin was prepared and purified by chromato- 
graphy as previously described [3]. The main chroma- 
tographic fraction (chymosin B) was maieylated 
according to Butler et ~. [4]. 
The following enzymes were used in the experi- 
ments described (all ratios are expressed in moles per 
mole): Trypsin, tocylphenylatanylchloromethylketone 
(TPCK)-treated (Worthington, Freehold, N.J., USA). 
a) 1/150 for 15 min at 12°C, pH maintained at7.8 by 
addition of 0.05 M NaOH [5], the reaction was 
terminated by addition of Trasylol ® (pancreatic 
trypsin inhibitor, Bayer, Germany); b) l/100 for 3 hr 
at 24°C otherwise as a). Chymotrypsin (Novo, Copen- 
hagen, Denmark) 1 / 100 in N-ethyl-morpholine acetate 
(NEMAc) 0.05 M pH 8.0 for 20 hr at 22°C. Elastase 
(Whatman Biochemicals, Maidstone, UK) 1/150 in 
0.05 M NEMAc pH 8.0 for 4 hr at 37°C. Thermolysin 
(Daiwa Kasei, Osaka, Japan) !/100 in 0.05 M NEMAc 
pH 8.0 containing 0.01 M CaC12 for 16 hr at 37~C. 
Papain (Sigma, St. Louis, Mo., USA) 1/75 in 0.2 M 
pyridine acetate pH 6.5 cut, raining 0.5% ~3-mercapto- 
ethano] for 20 hr at 22~C. 
2.2. Purification and analysis of  peptides 
Peptides from the tryptic digest containing more 
than 50 residues were purified by gel filtration on 
Sephadex G-100, as described in fig. 1. Low molecular 
weight peptides were purified by high voltage paper 
electrophoresis in hquid cooled tanks as in [] ], some 
peptides being further purified by paper chromato- 
graphy c.L table 1. 
Amino acid analyses were performed with a 
'Durrum 500' or a 'BioCal 201' analyzer after 
hydrolysis witj redistilled HCI in vacuum sealed tubes 
for 16-20 hr at 110°C. The results are expressed in
stoichlometric ratios without corrections. An approxi- 
mate value of the tryptophan contents in TM-1 was 
obtained from the spectrophotometric measurements 
[6]. In the small peptides tryptophan was identified 
by Ehrlich staining [7] on filter paper. Sequencing 
wascarried out by sequential Edman degradation- 
dansylation [8] and the l-dimethylaminonapthalene- 
5-sutphonyl (Dns)-amino acids were identified by thin 
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Fig. 1. Gel filtration of tryptic fragments from maleylated chymosin. The digest was remaleylated before it was applied to a 
column of Sephadex G-100 (2.5 × 100 cm). Eluent NH4HCO 3 0.05 M pH 8.0. Flow rate 19 ml/hr. III represents TM-I (the eluate 
indicated by the solid bar was subjected tore-gelfiltration before analysis). 
layer chromatography on polyamide layer sheets [9, 
10]. Occasionally C-terminal sequences were established 
by hydrolysis with carboxypeptidase-A [11 ]. 
The numbers of the tryptic and the chymotryptic 
peptides are rationalized according to their position in 
the peptide chain. The other peptides are just character- 
ized with numbers from our protocols. Capital etters 
indicate the enzyme used in the digestion, T: Trypsin, 
C: Chymotrypsin, El: Elastase, Th: Thermolysin, TM: 
Tryptic digest of maleylated chymosin. 
3. Results 
Maleylated chymosin was subjected to digestion 
with trypsin under restricted conditions (a). In order 
to increase lectrostatic repulsion between the frag- 
ments, the digest was remaleylated, and the products 
of the digestion were separated by gel filtration on 
Sephadex G-100. The results are illustrated in fig. 1. 
Peak I is an aggregation product, II contains two large 
fragments, III represents TM-1 and IV is a mixture of 
three smaller tryptic peptides (TM-2 and the two 
C-terminal peptides, TM-5 and TM-6) together with 
excess maleic acid. 
Amino acid analyses of TM-1 gave the following 
composition: 
Asp (6.0) Thr (4.0) Ser (5.3) Glu (5.1) Pro (3.9) 
Gly (4.1) 
Ala (2.3) Val (3.8) 1/2 Cys (0.7) Met (0.3) lie (2.2) 
Leu (4.1) 
Tyr (3.7) Phe (3.9) His (0.8) Lys (2.9) Arg (1.0) 
Trp (ca. 1). 
A chymotryptic digest of TM-1 was subjected to 
high voltage paper electrophoresis at pH 6.5. A guide 
strip was demaleylated and examined by the diagonal 
electrophoretic echnique [4]. From the diagonal map 
it was evident hat three off-diagonal spots were 
identical with those previously found in the N-terminal 
sequence [2]. TM-1 was thus identified as the 
N-terminal tryptic fragment. The chymotryptic 
peptides were purified and sequenced as summarized 
in table 1. The sequences of the peptides C-1 to C-4 
have been published [2] and will not be further dis- 
cussed. The electrophoretic mobility of C-5 indicated 
a single negative charge at pH 6.5 [12]. This peptide 
was further digested with papain from which two 
neutral peptides Leu-Gly and Thr-Pro-Pro-Gln 
were obtained together with one acidic Glu-Phe. This 
establishes the location of the amide. C-7 was obtained 
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Table 1 
Analyses of peptides from which the amino acid sequence of TM-1 is established. 
September 1973 
Residue Peptide Electro- Further 
no in the no phoretic purific- 
peptide mobility ation 
chain pH 6.5 or notes 
Amino acid sequence 
1 -  8 C-1 a) 
9-11 C-2 a) 
12-17 C-3 a) 
18 - 21 C-4 a) 
22-29 C-5 -0.45 BAWP 
+pH 3.5 
30-33 C-6 0 pH 1.9 
34-40 C-7a -1.05 pH 3.5 
34-41 C-7b -0.9 BAWP 
+pH 3.5 
42-46 C-8 b) 
47-54 C-9 c) 
55-57 C-10a c) 
23-30 E1(876 ) -0.40 BAWP 
23-31 E1(877 ) -0.35 BAWP 
33-37 E1(882 ) -0.6 BAWP 
39-44 E1(875 ) -0.5 BAWP 
45-57 Th(s87 ) +0.8 oxidized 
pH 6.5 
20-29 T(458 ) -0.3 pH 3.5 
30-46 T(462 ) -0.6 pH 3.5 
G ly -G in -Va l -A la -Ser -Va l -P ro -Leu  
Thr -Asn-Tyr  
Leu-Asp-Ser -G ln -Tyr -Phe 
Gly -Lys- l te -Tyr  
Leu -Gly -Thr -Pro  -Pro -Gin -Gin -Phe 
0.9 1.0 0.9 2.0 2.1 1.0 
Thr -Va l -Leu-Phe  
1.1 1.0 1.0 0.9 
Asp-Thr -G ly -Ser -Ser -Asp_Phe 
2.0 1.0 1.1 2.0 0.9 
Asp-Thr-Gly-Ser-Ser-Asp_Phe_Trp 
2.0 0.9 1.0 1.8 1.0 + 
Val,Pro,Ser,lle,Tyr 
Cys-Lys -Ser -Asn-A la -Cys-Lys -Asn 
His-Gln-Arg 
Gly -Thr  -Pro -Pro -Gin -Gin -Phe -Thr  
1.0 2.0 1.8 2.2 1.0 
Gly -Thr -P ro -Pro -G ln -G lu -Phe-Thr -Va l  
- - - - -+ ~ ~ -- - - -+ 
0.9 1.7 2.2 2.2 1.0 1.2 
Phe-Asp-Thr -G ly -Ser -Ser  
0.8 1.0 1.0 1.1 1.9 
Asp-Phe-Trp-Va l -Pro -Ser  
0.8 0.9 + 1.2 1.0 0.9 
I le -Tyr -Cys -Lys -Ser -Asn-A la -Cys -Lys -Asn-H is -G ln -Arg  
0.8 0. 1.8 1.9 1.0 2.3 1.0 1.2 1.0 1.2 
l le-Tyr -Leu-Gly  -Thr -Pro  -Pro -Gin -Gin -Phe 
0.9 0.8 1.0 1.2 0.9 2.2 2.0 
Thr -Va l -Leu-Phe-Asp-Thr  -Gly -Ser -Ser -Asp-Phe-Trp -Va l -P ro -Ser - l l e -Tyr  
1.8 1.8 1.0 1.8 2.1 1.0 2.7 + 1.0 0.9 0.8 
Notation of the peptides is described in the text. (C-10a is the chymotryptic peptide from TM-1, the corresponding chymotryptic 
peptide of the entire chymosin overlaps TM-2 with Phe no. 58 [2] ). The electrophoretic mobility at pH 6.5 is calculated relative 
to an internal marker of 1-dimethylaminonaphthalene-5-sulfonic acid (-1.0). Further purification indicates ubsequent paper elec- 
trophoresis at the pH shown, or descending paper chromatography in bu tan-1-ol-acetic acid-water-pyridine (BAWP) (15:3:10:12, 
by vol) [22]. - Quantitative amino acid composition with stoichiometric ratios shown below the bars. + Positive staining for trypto- 
phan. --* Location of the residue by Edman degradation-dansylation. ~ Residues liberated by carboxypeptidase-A, a) and c) the se- 
quences of these peptides have been published in [ 1 ] and [2]. b) This peptide was never analysed (el. the text), the expected 
amino acids of the peptide are however included in the table to complete the sequence of the chymotryptic peptides. 
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Table 2 
Comparison between the N-terminal mino acid sequences of gastric proteases. 
September 1973 
Chymosin 
Bovine pepsin 
Porcine pepsin 
Common 
Chymosin 
Bovine pepsin 
Porcine pepsin 
Common 
Chymosin 
Bovine pepsin 
Porcine pepsin 
Common 
10 20 
Gly-Glu-Val-Ala-Ser-Val-Pro- Leu-Thr -Asn-Tyr-Leu-Asp-Ser -Gln -Tyr -Phe-Gly-Lys- Ile- 
Val-Ser-Gln--Glu-Pro-Leu-Gln -Asn-Tyr (Leu. Asx. ThE Glx. Tyr. Phe. Gly. Thr. lie. 
lie -Gly-Asp-Glu-Pro-Leu-Glu-Asn-Tyr- Leu-Asn-Thr~31u-Tyr-Phe. Gly-Thr-lle- 
Pro Leu Asn Tyr Leu Tyr Phe Gly lie 
30 40 
Tyr -Leu-Gly-Thr-Pro-Pro-Gln-Glu- Phe-Thr -Val - Leu-Phe -Asp-Thr-Gly-Ser- Set -Asp-Phe- 
Tyr. lie .Gly. Thr.Pro .Ala .Glx .Asx. Phe .Thr) Val-Ile -Phe -Asp-Thr-Gly-Ser-Ser -Asn. Leu- 
Gly-Ile -Gly-Thr-Pro-Ala-Gln-Asp-Phe .Thr -Val-Ile -Phe . Asp-Thr-Gly-Ser-Ser -Ash. Leu- 
Gly Thr Pro Phe Thr Val Phe Asp Thr Gly Ser Ser 
50 60 
Trp-Val -Pro -Ser-Ile -Tyr-Cys-Lys-Ser--Asn -Ala-Cys -Lys -Asn-His- Gln-Arg-Phe -Asp-Pro-Arg/ 
Trp-Val-Pro-Ser . lie -Tyr-Cys. Set -Ser-Glu -Ala-Cys -Thr -Asn-His-Asn-Arg/ 
Trp-Val-Pro-Ser .Val -Tyr-Cys--Ser -Ser-Leu -Ala-Cys -Ser -Asp-His-Asn-Gln--Phe-Asn-Pro -Asp/ 
Trp Val Pro Ser Tyr Cys Ser Ala Cys His 
Ch: Chymosin; Bp: Bovine pepsin; Pp: Porcine pepsin; ( ): The residues between brackets are only known from amino acid compo- 
sition.. : The sequence oroverlap isinferred from homology; / : End of peptide. The results are expressed in the single letter code 
according to the recommendations f IUB-IUPAC. ((1969) Biochem. J. 113, I). The numbered bars below the structure corre- 
spond to the peptides shown in table 1. 
in two forms with and without ryptophan, and the 
electrophoretic mobility indicated two negative charges, 
indicating absence of amides. C-8 was never prepared 
in amount sufficient for a reliable analysis. The reason 
for this apparent loss of C-8 may be that this rather 
apolar peptide was dissolved in the cooling liquid 
during electrophoresis. The sequences of C-9 and C-10 
have previously been published [1 ]. The peptides were 
observed both separately and joined together due to 
incomplete cleavage of the Asn-His bond. 
Some of the overlapping peptides were obtained 
after digestion with elastase, which in our experiments 
gave preferential c eavage after Leu and Ser, but 
cleavage after Ala, Asn, Thr and Val was also observed. 
Peptides representing most of TM-1 have been purified, 
but for the sake of clarity only those which contribute 
additional information will be considered. E1(876 ) and 
E1(877 ) provide together with E1(882 ) the overlaps 
between C-5, C-6 and C-7, while E1(875 ) extends the 
sequence of C-7 into the unidentified C-8. The last 
part of C-8 was found in a peptide from a thermolytic 
digest after the S-S bridge had been oxidized with 
performic acid (Th(587); only the two first residues 
were directly identified, but its characteristic amino 
acid composition clearly places this peptide as the 
C-terminal part of TM-1. Unspecific hydrolysis with 
trypsin in conventional digestion for 3 hr has caused 
many problems during the course of this work, but on 
some occasions the peptides produced by such unspe- 
cific activity have provided valuable overlaps. The 
overlap between C-4 and C-5 was obtained by T(458 ), 
and T(463 ) includes C-6, C-7 and C-8. 
The structure which arises from the peptides in 
table 1 accounts for the amino acid composition of 
TM-1 except for an apparent methionine containing 
impurity. 
4. Discussion 
The results are compiled in table 2, which also in- 
cludes published sequences of porcine pepsin together 
with preliminary results from bovine pepsin at present 
under investigation i our laboratory [13, 14]. The 
three fragments of porcine pepsin up to residue no 33 
have been reported by Stepanov et al. (15-17). The 
sequence from Asp 34 to Asn 39 is from Chen and 
Tang [18], these authors did not find Phe 33, but 
considering the homology we have preferred to use 
the results of Stepanov et al. The sequence of porcine 
pepsin around Trp no 41 is from Dopheide and Jones 
[19], the sequence surrounding the S-S loop reported 
by Tang and Hartley [20] has been extended by 
Revina et al. [21]. In bovine pepsin the residues from 
no 12 to no 30 have not yet been sequenced, but the 
amino acid composition of the fragment fits very well 
into a homologous sequence. 
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The present results indicate that in the N-terminal 
part of the peptide chain approximately half of the 
amino acid residues in chymosin, bovine and porcine 
pepsin are common, the two pepsins being slightly 
more related to each other than to chymosin. 
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